Keynes' General Theory has been a major source of inspiration in almost all areas of economics. However, it has been largely ignored in the environmental economics debate, characterized by a complete dominance of orthodox, neoclassical models. This is the case of tropical deforestation: the existing models that analyze the economic motivations that fuel the land clearing process use unrealistic assumptions and optimal control models that provide misleading results and incorrect policy recommendations.
Introduction
Tropical deforestation is increasingly regarded as one of the most important environmental problems in developing countries. Nevertheless, this subject has remained a "no go zone" for the heterodox economics literature. Almost all of the environmental economics literature dealing with tropical deforestation has a strong neoclassical background, implying very unrealistic assumptions in the analysis. For example, well defined land property rights are considered in order to allow optimal control modeling (for example, Hartwick 1992), even though this is the exception, rather than the rule, in the context of tropical developing countries.
Because of that, the speculative behavior that characterizes land accumulation in the agricultural frontier areas cannot be incorporated in the analysis. As many authors have already emphasized (Young 1997 (Young , 2001 Schneider, 1994; Ozório de Almeida and Campari, 1996) , the process of occupation of marginal forest land in the agricultural frontier is a transition situation where privately owned property rights are being defined by the land clearing process. Only after this process long term measures, such as soil conservation, becomes financially attractive to farmers (as explained by the conventional literature on the issue). But this crucial feature of the process remains unexplored by the orthodox, mainstream models that deal with the subject.
The objective of this paper is to fulfill this gap, presenting a model of deforestation as response to land accumulation motivated by land price speculation. Moreover, it is a pioneer attempt to use a very important Keynesian concept, the user cost, as an analytical tool to understand farmers´ decisions concerning land clearing. The model has been originally designed to explain deforestation in the Brazilian Amazon, but there are no major problems in extending its use in other Latin American countries. 
The definition of income
The definition presented by Keynes (1973) provides a formal way to treat income incorporating the parameters which regulate the decisions concerning alternative ways of keeping assets. According to this definition, the entrepreneur's income from any productive activity (E) in a time period t is defined as the difference between the revenues obtained from the sale of final goods (A), and the user cost (U) and the amount paid for other production factors -labour, capital -(F) involved in the production:
The user cost represents the total sacrifice the producer is willing-to-accept in order to carry on his production decision. It includes the current expenditures on non-labour intermediate inputs, and the expected losses in the asset stock due to production (including the value of the land).
Formally, user cost can be divided in two terms. The first term is constituted by the purchases from other producers (A1). The second term represents the capital losses occasioned by production, and it is defined by the difference between the value of the asset stock after the depreciation due to its use (G), and the maximum value it could have if the assets were not used (G'), considering the maintenance and improvement costs necessary to achieve such a situation (B').
Hence, equation (1) can be re-written, dividing income in two components. The first one (E1) represents the net revenues resulting from a certain production process. The second term (E2) represents the net changes in the asset stock, or investment, resulting from the same production process. For simplification, the former (E1) will be called the current revenue component, while the latter (E2) will be called the capital component.
E = E1 + E2 (3)
where
The capital component establishes the link between present activity and the future:
deciding the scale of production, the entrepreneur is also deciding how much of the capital stock will be preserved. Through this definition, expectations of capital appreciation or depreciation are incorporated in the calculation of income.
In other words, the income definition relates current production (given the stock of assets), represented by the current revenue component, to expectations about the future capacity to generate revenues from the same set of assets, represented by the capital component. Therefore, the decision to maximize income should refer not only to the immediate gains and losses resulting from the production decision: a proper calculation should also evaluate the long term consequences to the existing stock of assets.
The uncertainty about the future value of the asset is, therefore, part of the user cost. If there are concerns about the tenure of the asset, it means that there are lower expectations from the revenues one can expect in the medium or long term. The higher the uncertainty concerning the property rights relating to the asset, the less relevant the capital component becomes for the production decision. In the limit, in a situation where no property rights are defined, the capital component is completely irrelevant in the decision. This property, which can be associated with slash-and-burn situation, is fundamental for the application of any theoretical model to the tropical deforestation problem. The model developed in this paper is inspired by similar attempts, particularly by Southgate and Pearce (1988) and Southgate (1990) . However it presents some unusual features distinct from the environmental economics modelling tradition. The most important refers to its Keynesian theoretical basis: its objective is not to determine an optimal set of prices which would assure the most efficient use of the resource, but to examine how forest clearing decisions are affected by a set of policy related variables in the context of imperfect markets and uncertainty, where prices are given and expectations have exogenous elements in their formation.
The key element in the analysis is the profit maximization behaviour of individual farmers according to their own expectations, rather than an utility maximization exercise by a hypothetical (but non-existent) social planner. The deforestation process can be presented as a consequence of individually rational decisions which, in aggregate, do not lead to a social maximum (because there is no mechanism, such as a social planner, to assure the automatic reconciliation of conflicting individual plans).
This conceptual framework, distinct from the neoclassical perfect market approach, allows the theoretical treatment of market imperfections and speculative behaviour typical of the frontier economies, as described in Ozório de Almeida and Campari (1996) and Schneider (1994) .
2 An alternative way to look at the problem is to consider that the main economic motivation for land clearing is the concession of tax relief and credit subsidies, proportionally to the total area deforested (an issue frequently referred to in the Brazilian Amazon case).
Slash-and-burn with no land property rights
First, consider the situation where property rights are not defined, before and after land clearing (land surplus situation). This can be associated with traditional slash-and-burn subsistence cultivation. Only the current component is relevant: there is no consideration for capital accumulation. Given the lack of investment, slash-and-burn cultivation is characterized by low productivity per unit of area. The only relevant costs are labour and transportation. There is no payment of interest or other transfers (taxes, direct subsidies, etc.).
One important assumption is that farmers are price takers, i.e., agricultural production in the frontier is too small to affect the prices of agricultural goods which reflect government policies and market conditions outside the frontier region. In a similar way, wages are given by government policy and labour market conditions outside the frontier. As discussed before, this cost should impute the opportunity cost of family labour which otherwise could have been paid to work outside the family plot. The other relevant cost is transportation, which is inversely related to the availability of roads.
Standard assumptions are considered for the output and input functions. Agricultural revenues per unit of land decrease if more land is cleared but labour and transportation costs increase: the idea is that forested land is not homogeneous, and the first plot to be cleared is the one which presents higher expected net returns. Therefore productivity and profitability decrease with the expansion of the cleared area. This is a situation in which there is no consideration of the capital component, and income equals the current component:
where A is the total revenue from agricultural production and C is the total cost (sum of labour cost W and transportation cost R).
where p a is the (given) composed price of the aggregate agricultural output resulting from the cultivation after land clearing, including timber extracted before the forest is burned, and q a is the respective quantity produced.
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where p w is the (given) wage and q w is the quantity of labour used.
where p r is the (given) price of transportation and q r is the quantity of transportation required.
Productivity declines with the expansion of cleared area but costs increase: Since the time horizon is extremely short, future revenues and losses are not considered.
The decision on how much land to clear is exclusively based on the maximization of the current component: land will be cleared up to the point where current costs exceed total current revenues. This is represented in figure 1 . The vertical axis represents the revenues and costs expected from the clearing and cultivation of forest land (the quality of land is variable, and the land with higher net revenues is cultivated first). The horizontal axis represents the amount of land (L) the farmer decides to clear for agricultural use (i.e. L is the amount of land where income is maximized). Since there is no concern over the capital component, total income exceeds the 'normal' income (the hypothetical income if the capital costs were included) in an amount equal to the depletion cost. Therefore, the lack of well defined property rights results is an extra incentive to clear land, corresponding to L -L * hectares.
Figure 1 Income maximization in the 'typical' slash-and-burn
After one or two years of cultivation, soil fertility falls considerably and the farmer moves to a new plot of forested land. The reason is that burning the biomass of the forest (nutrient mining) temporarily compensates for the lack of agricultural inputs or investment on land improvement required for the conservation of soil fertility -the biomass stores most of the nutrients, so burning the forest converts biomass nutrients to ash which can be 'mined' as fertilizer. Since the major cost is clearing the land, the farmer usually prefers to re-use a plot of land which had been cleared before but was let to rest for a considerable period of time, with a secondary forest formation (capoeira) with enough biomass to allow a new cultivation cycle. Thus, if the supply of (secondary) forest is sufficiently large to accommodate the demand for land every year, the system can be considered sustainable: there is no pressure to clear primary forest.
The cost of clearing capoeiras is considered by Homma et al. (1994) as about half the cost of clearing primary forest. 4 The forest is 'sufficiently large' if S>T.q * .N; where S is total supply of forest land, T is the minimum number of years required for the capoeira recover the critical amount of biomass to allow the return of cultivation (between 10 and 20 years in the Brazilian Amazon), q * is the annual requirement of land of an average farm (defined by the intersection of the marginal cost and marginal revenue functions) and N is the total number of farmers. Conceptually what is suggested is that the value of the asset stock owned by the farmer after its use (G, in the income definition) increases rather than decreases. This happens because land acquires a new quality -property rights -which could not be incorporated if the asset had not been used during production (G'). A situation of capital appreciation occurs since (G) is higher than (G'). This capital appreciation is composed of the capital gain (corresponding to the value of land which has been officially granted) minus the cost of the sacrifice imposed by depleting the forest (the foregone revenues from timber, biomass and extractivism activities which were lost because the land was cleared). From the settlers' perspective, this depletion cost is usually smaller than the capital gain obtained from the grant of selling rights over the land, a quasi-rent obtained for the incorporation of the frontier land into a capitalist production framework: 6 the asset component is equal to the latter minus the former.
In other words, the depletion of natural assets through the removal of the native vegetation is, from the settlers' perspective, an investment to assure land tenure rights, 6 In Marxist terms, this is described as 'primitive accumulation of capital'.
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as if the consumption of the forest is required as an input for the 'production' of marketable land. The demand for land therefore derives from not only the net returns expected from productive activities but also from speculation over the gains from selling the land in the future. This is possible because better off farmers have higher expectations of future revenues, given their superior asset endowment and access to credit (Ozório de Almeida and Campari, 1996; Schneider, 1994) .
Note that the settler usually claims plots of land larger than the area which has already been cleared. This extra land can be incorporated as a forest reserve inside the farm.
Usually, the total area claimed is a multiple of the area which has been cleared.
Therefore, the process of deforestation can follow two patterns: inside property (increasing the proportion of deforestation in plots which are already inside a farm with defined property rights) or outside property (encroachment which has not yet been claimed as private property).
Duality at the frontier
The establishment of a land market at the frontier introduces a new agent in the model:
the 'late' settler, who comes only after property rights are reasonably well defined (i.e., after the 'early' settlers had already occupied the land). These farmers have a better endowment of capital and access to formal credit facilities, resulting in higher productivity per unit of area. The use of non-labour inputs and other land improvements allow agricultural production to increase without the need of clearing more forest areas (agricultural intensification).
However, the coming of this second generation of farmers is only possible after property rights are defined, since they need longer periods of time to maximize their production and they are not willing to face the uncertainty, requiring the establishment of some 'governmental functions' (using the expression of Schneider, 1994) before they establish themselves. Their production costs are higher, including the late settlers' own opportunity cost of labour, and they are not likely to be compensated by the low productivity of the traditional slash-and-burn cultivation.
Since the net present value of the income per unit of land expected by the late settlers is higher than the current value of the net revenues per unit of land expected by the early settler, the former is willing to pay more for the land than the latter would expect.
Hence, the late settler will buy land from the early settler up to the point where the expected return equals the cost of intensifying production in the land already owned by the late settler.
This duality at the frontier can be described by a simple model. First consider the situation in the old frontier. The late settler is also subject to decreasing revenues and increasing costs per unit of area. The current cost function includes the payment of interests, because late settlers have access to credit facilities. The cost of credit is inversely related to the availability of official credit lines with subsidized interest, as it has been the case in the Brazilian Amazon in the last decades. Since property rights have been established, the capital component is considered in the income calculation.
This means that the depletion of natural resources should be considered in the estimation of futures revenues and costs. For simplification, it is assumed that the late settlers do not speculate with land prices, therefore the capital losses and gains are represented in the stream of expected net revenues from agricultural use, discounted to the present.
The demand for land at the old frontier created by the arrival of late settlers generates the expectation of profits for the early settlers if they move to the new frontier (i.e., unoccupied terras devolutas), incorporating more land to be sold in the future. As discussed previously, the price of land at the new frontier is given by the conditions of production of the late settlers. The capital gain for 'acquiring' land in the new frontier is a fraction of the price of equivalent land in the old frontier:
The income equation for the early settlers becomes:
where A E represents the (marginally decreasing) current revenues expected from agricultural activities and C E represents the (marginally increasing) costs of land clearing and cultivation.
7 This step was taken in order to restrict the analysis to only two waves of migrants. In reality, the process is far more complex, and speculation with land prices is also an important reason for second, third or even later waves of farmers to acquire land in the frontier. The consequences of relaxing this assumption are discussed later. 8 Equivalent plots of land in the old and new frontier do not have the same price: if prices were the same, farmers would always prefer land in the old frontier because of the uncertainty concerning property rights in the new frontier. Therefore, the ratio between land prices in the new and old frontier expresses the degree of confidence in property rights: this ratio equals one only when confidence on tenure rights is identical in both regions.
For the early settlers, the future gain from selling land justifies the clearing of areas where they cannot expect positive net revenues from cultivation or other agricultural activities. Therefore, they will clear land up to the point where their marginal cost equals the sum of the marginal current revenue and the expected capital gain (i.e., the fraction of the price of equivalent land in the old frontier), rather than solely the marginal current revenue. Since the former exceeds the later, deforestation is higher than in the previous situation where only the revenue component is considered in the income maximization problem (traditional slash-and-burn). It also explains why apparently uneconomic activities are carried out in the new frontier: indeed, the 'appearance' of using the land for production endorses the claim for property rights. This is expressed in figure 4 . The right top quadrant describes the situation at the old Consideration of a 'dual' frontier allows a better understanding of the impacts of governmental policies to deforestation: 9 i. increasing agricultural prices increase the profitability of agricultural activities in both frontiers, therefore establishing an incentive to more deforestation in both regions (see figure 5 ). Note that the higher profitability 9 A formal proof of these results is presented in the Appendix 2. If the proper institutional framework is established to avoid the 'speculation multiplier', the demand for land in the new frontier becomes inversely related to the cost of agricultural intensification in the old frontier. This is the argument used in favour of improving infrastructure and living conditions for the settlers already established in the frontier: better conditions in the area they already occupy would represent an incentive not to move further into the new frontier. There would be an increase in deforestation in the areas already occupied, but it would stop further advance of the agricultural frontier.
Concluding remarks
Environmental consequences of macroeconomic policies are usually not considered in the decision making process. However, if sustainability is incorporated in the development debate, these economy-environment links can no more be ignored. The objective of the theoretical model presented in this paper is to provide some insights to understand the connections between economic policies and the problem of tropical deforestation. It is also an open invitation for heterodox economists to be more audacious in the use of Keynes' General Theory ideas in non conventional areas, such as environmental economics.
Appendix 2
Equation (14) establishes that the income of late settlers in the old frontier (at time t=0)
is determined by the expected stream of net revenues from agricultural use of this land, discounted to the present:
where p cL represents the (given) price of credit and q cL is the quantity of credit used by the late farmers (early settlers do not have access to credit).
Given their expectations about future (given) prices, late settlers aim to maximise their income, cultivating land up to the point where marginal revenue equals marginal costs (both expressed in present value terms):
More productive or well located parcels of land are cleared before less fertile or remote parcels. Therefore agriculture in the old frontier has decreasing returns and increasing production costs:
Policy interventions which increase agricultural prices or reduce farmers' costs (reduction of labour, transportation or credit costs) raise the profitability of agriculture in the old frontier, therefore encouraging deforestation of land which was previously unfeasible.
For example, if the government provides subsidized credit to farmers in the old frontier, there is a reduction of the credit cost function: 
Since prices are exogenously determined, the second derivatives in (25) imply that inequality (27) can only be satisfied if there is an expansion of deforested area for cultivation (l L1 > l L0 ).
Note that it is not necessary that agricultural credit actually increases to achieve the same result: if there is an widespread expectation that credit costs will be lowered, than the present value of (expected) future credit costs will be reduced. This point is particularly important in the explanation of forest clearing in areas where land price speculation was widespread because of the expectation of road building, an issue frequently addressed in the literature (for example, see Mahar and Schneider, 1994; Ozorio de Almeida and Campari, 1994) .
Land prices in the old frontier are an indication to early settlers of how much they can profit if they are successful in their claims for property rights over the land they are occupying. This possibility of capital gains for 'acquiring' land in the new frontier through occupation represents an addition of revenues in the early settlers income equation. Equation (16) 
Since the price of land in the old frontier is determined by the expected return of agricultural production (equation 23), any change in the profitability of the late settlers' activities will affect the demand for land in the new frontier. In the previous example of subsidised credit (which only late settlers have access to), the higher profitability of production increases the price of land in the old frontier and, consequently, the expectation of capital gains through occupying land in the new frontier. This represents a shift of the income maximising point: 10 The partial derivative of the quantity of land relative to itself equals one.
